Introduction
============

Psoriasis was for years considered to be a purely dermatological condition, which severely affects patients' quality of life but does not impact their overall health status. However, this perception has changed increasingly during the last decades. Psoriasis is nowadays considered to be a disease of increased systemic inflammation and has been strongly associated with systemic diseases and pathological conditions, such as obesity, metabolic syndrome, and cardiovascular disorders. It has been linked to an increased risk of myocardial infarction, especially in the more severely affected, younger patients. Psoriasis has also been associated with components of metabolic syndrome, such as hypertension, dyslipidemia, and insulin resistance.[@b1-ptt-5-125]

This is not a pathophysiological paradox, since psoriasis and obesity seem to share the same inflammatory profiles and overexpress similar cytokines. IL-6, TNF-α, adiponectin, and PAI-1 are primary adipocytokines that are also expressed in patients with psoriasis. They play multiple roles in inflammation, metabolism, and endothelial cell function regulation. Serum TNF-α levels, for example, which are overexpressed in psoriasis patients, increase with increasing body mass index (BMI), induce insulin resistance, and cause endothelial cells to produce adhesion molecules. This link of psoriasis with obesity and metabolic syndrome places psoriasis in a more important position in the health care system ([Figure 1](#f1-ptt-5-125){ref-type="fig"}).[@b1-ptt-5-125],[@b2-ptt-5-125]

Psoriasis, metabolic syndrome, and inflammation
===============================================

An association between psoriasis and obesity was first observed in 1995 by Henseler and Christophers.[@b1-ptt-5-125] This association was further supported by clinical studies, especially by those which assessed the efficacy of biologics. In these studies, it was observed that a high percentage of patients with moderate to severe psoriasis were obese.[@b2-ptt-5-125],[@b3-ptt-5-125] In etanercept trials, 46% of 3,700 patients had a BMI of \>30 kg/m^2^, while the same percentage in the general population in the USA is 31%.[@b4-ptt-5-125]

The average BMI of psoriatic patients included in a review of Phase II and III clinical studies on biologics (in more than 10,000 patients) was 30.6 kg/m^2^.[@b1-ptt-5-125] Naldi et al directly related the risk of psoriasis with elevated BMI.[@b5-ptt-5-125] In a study by Krueger et al, a large percentage of patients with psoriasis had an average BMI that significantly exceeded that of the normal population. Moreover, obese patients were more likely to have severe psoriasis (more than 20% of body surface area).[@b2-ptt-5-125] A study in the UK came to the same conclusion, which not only underlined the fact that psoriasis patients are more likely to be obese than controls, but also that obesity is more prevalent in patients with severe psoriasis.[@b6-ptt-5-125] It is also interesting that a study from Utah, USA, implied that obesity usually follows -- not precedes -- psoriasis, suggesting that psoriatic inflammation helps to induce or worsen obesity.[@b7-ptt-5-125]

Intra-abdominal obesity is directly associated with the metabolic syndrome, a condition of persistent systemic inflammation which is diagnosed when at least three of the following five conditions are present: 1) fasting glucose 100 mg/dL or greater (or receiving drug therapy for hyperglycemia); 2) blood pressure 130/85 mmHg or higher (or receiving drug therapy for hypertension); 3) triglycerides 150 mg/dL or higher (or receiving drug therapy for hypertriglyceridemia); 4) high density lipoprotein cholesterol less than 40 mg/dL in men or less than 50 mg/dL in women (or receiving drug therapy to increase high density lipoprotein cholesterol); and 5) waist circumference 102 cm or greater in men or 88 cm or greater in women; in Asian Americans, 90 cm or greater in men or 80 cm or greater in women ([Table 1](#t1-ptt-5-125){ref-type="table"}). This syndrome affects approximately 25% of the US, 10% of the French, and 20% of the Australian populations.[@b8-ptt-5-125] Additionally, elevations in BMI and waist circumference are strongly correlated with increased risk for coronary heart disease.[@b4-ptt-5-125] Many studies have shown that individual features of the metabolic syndrome are more often present in patients with psoriasis.[@b9-ptt-5-125],[@b10-ptt-5-125]

Metabolic syndrome is related to increased levels of pro-inflammatory cytokines and therefore to systemic inflammation. Intra-abdominal fat seems to be associated with elevated TNF-α, IL-6, and PAI-1 levels. TNF-α induces the endothelial cells to produce adhesion molecules and subsequently provoke the adherence of monocytes. TNF-α increases with increasing BMI, and induces insulin resistance, partially also by leading to an elevation in free fatty acids. This is how TNF-α contributes to the early stages of atherosclerosis. IL-6 may also contribute to the pathogenesis of atherosclerosis likewise by inducing insulin resistance, increase of endothelial adhesion molecules, and augmentation of the procoagulant effects on platelets. Finally, TNF-α also increases the levels of PAI-1, which in turn suppresses the activity of tPA, an anticlotting factor. Impaired fibrinolysis and uninhibited clotting occur as a result of the increased levels of PAI-1.[@b11-ptt-5-125],[@b12-ptt-5-125]

On the other hand, adiponectin is a molecule that acts exactly in contrast to the mechanism of TNF-α and IL-6. Elevated levels of serum adiponectin correlate with lower risk of myocardial infarction in males.[@b13-ptt-5-125] There is a theory suggesting that visceral obesity may result in lower levels of serum adiponectin, since serum adiponectin is positively correlated with weight reduction and negatively correlated with BMI and waist-to-hip ratio. Adiponectin increases insulin sensitivity and reduces TNF-α production. Systemic and local levels of TNF-α are associated with both psoriasis and obesity. Systemic inflammation of both conditions may lead to impaired glucose tolerance, endothelial dysfunction, and dyslipidemia, therefore increasing the cardiovascular risk of the patients.

A retrospective analysis of patients with immune-mediated inflammatory disorders showed that patients with psoriasis had an elevated odds ratio of having cardiovascular risk factors such as atherosclerosis, hypertension, and type 2 diabetes. A small German cohort study revealed an increased prevalence and severity of coronary artery calcification in patients with psoriasis compared to non-psoriatic patients.[@b14-ptt-5-125] An analysis of the British General Practice Research Database showed that patients with severe psoriasis had a higher relative risk of myocardial infarction that varied with age. The younger psoriasis patients showed the greatest risk.[@b9-ptt-5-125] This was the first time that psoriasis was shown to be a risk factor for cardiovascular mortality independent of the other cardiovascular risk factors.

An immunological relationship between psoriasis and adipose tissue seems to exist. Adipose tissue itself is considered to be an organ of immunity. Adipocytes have TLRs that allow an immediate response to foreign pathogens and release cytokines like IL-6 and TNF-α.[@b15-ptt-5-125] Interestingly, this process is dependent on leptin. Leptin is an adipocytokine that participates in the regulation of body weight and both innate and acquired immunity.[@b16-ptt-5-125],[@b17-ptt-5-125] Leptin is a stimulator of T-cells, and leptin deficiency in mice reverses autoimmune pathophysiology. This suggests a potential link between adipose tissue and psoriatic inflammation.

On the other hand, it should be mentioned that patients with psoriasis often reduce or give up leisure-time activities because of their impaired condition. A recent study showed that almost half of the patients reduce or completely give up their leisure-time activities. Sports activities are completely given up by 30.2% and reduced by 23.7%.[@b18-ptt-5-125] This has an extra impact on the quality of life of psoriasis patients, because since they reduce their sport activities, the risk of being overweight or obese, and consequently of developing metabolic syndrome, is increased. Finally the social and psychological impact of psoriasis, which evokes feelings of shame, anxiety, and stress, leads to bad nutritional and dietary practices, which are an additional risk factor for developing metabolic syndrome.[@b19-ptt-5-125]

Discussion
==========

The correlation between psoriasis and obesity has been well documented in diverse studies and control populations. The question is whether there is also a causative relationship between the two disorders. Furthermore, it is still questionable whether there is a direct positive correlation between BMI of psoriasis patients and dyslipidemia, insulin resistance, and cardiovascular risk. The scientists still wonder if different psoriatic phenotypes display different risks for increased BMI (or intra-abdominal fat), ie, increased risk for obesity and cardiovascular comorbidities. As far as the latter is concerned, it would be extremely interesting to know whether there is a difference in cardiovascular risk among typical plaque, palmoplantar, or pustular psoriasis.

There are more issues that need to be clarified, for example, whether the effect of systemic therapies for psoriasis correlate positively with a reduction of BMI or cardiovascular risk. Systemic therapies with biologics decrease the levels of inflammatory and pro-inflammatory cytokines, such as CRP, IL-6, and IL-1, but do not really influence endothelial dysfunction or insulin sensitivity. Patients with metabolic syndrome showed a reduction of CRP and an increase of adiponectin levels, when treated with etanercept 50 mg once weekly for 4 weeks. On the other hand, they showed no difference in insulin sensitivity and BMI or waist-to-hip ratio.[@b20-ptt-5-125] Further, methotrexate has been proven to decrease cardiovascular risk in patients with psoriasis and rheumatoid arthritis, especially when it is followed by folate supplementation.[@b21-ptt-5-125] Systemic therapies in psoriasis may reduce the inflammatory milieu of the disease, but it still remains to be clarified whether and to which point they affect the real values of lipid profile, hypertension, obesity, and the additional components of metabolic syndrome.

The opposite question also interests the experts. Due to pharmacokinetic alterations, obesity can importantly affect the therapeutic efficacy in patients with psoriasis. The adipose tissue influences the volume and the drug distribution; in that way it would probably not be wrong to customize the therapeutic doses according to the patient's BMI. Since a large number of psoriasis patients are overweight or obese, the fixed-dose basis on which most systemic therapies of psoriasis are administered results in an inadequate treatment of those patients.

It is not only interesting to evaluate whether the improvement of psoriasis leads to an improvement of cardiovascular risk but also whether direct changes of style life like weight reduction, smoking alteration, and alcohol reduction, as well as amelioration of lipid profile, glucose levels, and blood pressure help to improve the clinical picture of psoriasis.

Moreover, biomarkers of psoriatic inflammation must be identified. The absolute values of cytokines like TNF-α and IL-6 should be investigated to establish whether they directly correlate with psoriasis severity, adiposity, and risk of myocardial infarction. In a male population, adiponectin is conversely correlated with cardiovascular risk.[@b13-ptt-5-125] Could this be the case also for psoriasis patients? There are also well-known cytokines in psoriasis like CRP, and it would be very useful to follow their changes during the disease course.

The relation between psoriatic arthritis and obesity and metabolic syndrome should also be well documented. It is now known that psoriatic arthritis involves 10%--40% of psoriatic patients.[@b21-ptt-5-125]--[@b24-ptt-5-125] Psoriatic arthritis itself constitutes a strong inflammatory situation of the human body. Is arthritis in psoriasis patients correlated with a higher risk for cardiovascular mortality? A genetic analysis should also be performed to evaluate the mutations in genes that regulate psoriasis, adiposity, and other components of the metabolic syndrome. In this way, there could possibly be a holistic approach to the disease which would lead to a better and deeper understanding of its pathophysiology.
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![Psoriasis is a systemic disease of chronic inflammation, which is closely related to other diseases of systemic inflammation, such as obesity, cardiovascular comorbidities, and metabolic syndrome.](ptt-5-125Fig1){#f1-ptt-5-125}

###### 

The metabolic syndrome and its components

  Metabolic syndrome                                             
  --------------------- ---------------------------------------- -----------------------------
  Fasting glucose       ≥100 mg/dL                               For hyperglycemia
  Blood pressure        ≥130/85 mmHg                             For hypertension
  Triglycerides         ≥150 mg/dL                               For hypertriglyceridemia
  HDL cholesterol       \<40 mg/dL (men) or \<50 mg/dL (women)   To increase HDL cholesterol
  Waist circumference   ≥102 cm (men) or ≥88 cm (women)          

**Abbreviation:** HDL, high density lipoprotein.
